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Tuesday, March 8, 2011 447amechanisms. Identifying the factors that control molecular motor distribution is
essential for understanding cell division. The equatorial contractile ring forms
by myosin assembly in the middle and disassembly in the flanking regions. To
better understand the mechanical and biochemical mechanisms of contractile
ring assembly, we imaged HeLa cells expressing MRLC-GFP by confocal mi-
croscopy at high spatial and temporal resolution. MRLC-GFP also marks spin-
dle poles; this allowed us to study the correlation between mitotic spindle
movements and cortical myosin distribution. We confirmed that the onset of
myosin assembly in the contractile ring occurs in anaphase. We observed
that the mitotic spindle exhibited oscillations upon entry into anaphase, similar
to oscillations observed during the asymmetric division of C. elegans embryos
by other groups. We used particle tracking software to follow spindle position
and JFilament to track cortical myosin intensity distribution during these oscil-
lations. We further exerted controlled and localized forces while following the
cellular response using fluorescence imaging. Anti-integrin coated micro-beads
were attached to HeLa cells expressing MRLC-GFP. We applied external
forces to a bead by an optical tweezers and imaged the dynamics of myosin
and mitotic spindle during cell division. Experimental results showed that the
spindle appeared to move to an asymmetric post perturbation position. This ob-
servation is consistent with the expected coupling between force-dependent
cortical flow and spindle position and will be useful in more detailed studies
of the response of cytoskeleton to external or internal forces.
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Effect of Tensile Stress on Smooth Muscle Cells
Soon-Mi Lim, Jerome P. Trzeciakowski, Andreea Trache.
Cellular responses to mechanical stresses play an important role in the physiol-
ogy of many cell types in healthy and diseased states. In vascular smooth mus-
cle cells (VSMC), as in any other cells anchored to extracellular matrix,
external mechanical stresses are imposed on a preexisting force equilibrium
generated by the cytoskeletal tension. The ability to measure real-time mecha-
nosensitive events at sub-cellular level in response to discrete and physiologi-
cally relevant mechanical stimulation is the critical component in
understanding mechanically-induced cellular remodeling. Mechanical pertur-
bation of a VSMC by the atomic force microscope (AFM) tip mimics the tensile
stress in the vessel wall. By integrating tensile stress stimulation with simulta-
neous optical imaging using total internal reflection fluorescence and fast
spinning-disk confocal microscopy, we have the unique opportunity of investi-
gating in real-time the mechanically-induced cross-talk between apical and
basal cell surface. Thus, we were able to measure vinculin and actin recruitment
at focal adhesions upon tensile stress stimulation, and stress fibers bundling and
reassembly. Understanding the real-time contractile and adhesion events asso-
ciated with live VSMC response to force, provides fundamental new informa-
tion regarding the coordinated cellular responses involved in VSMC adaptation
to the local extracellular environment in the vessel wall.
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Cell Structure and Morphology Alterations Through Controlling
Localized Substrate Stiffness on in Fibroblasts and Neuroblasts
Szu-Yuan Chou, Chao-Min Cheng, Chih-Cheng Chen, Philip R. LeDuc.
At the interface of extracellular-substrate interactions, substrate elasticities
strongly influence cell function and morphology. This finding is important in
diverse areas including neural function, metastasis, and heart diseases. To ad-
dress the effects of localized elasticity, we developed a new method to control
the microenvironment through generating a substrate with localized alternating
stiffnesses interacting with cells. We first fabricated polymeric microchannels
(30mm and 100mm wide, both 50mm deep) through using conventional soft li-
thography with poly(dimethylsiloxane) (PDMS) and a 5:1-base/curing agent.
We then poured 30:1-base/curing PDMS into the channels to produce alternat-
ing surfaces with elasticities of 800kPa and 200kPa adjacent to one another. We
used these substrates and independently seeded NIH 3T3 fibroblasts and Neu-
ro2A neuroblasts onto the systems to analyze their morphologies and structure.
We found that fibroblasts attached on the soft surface had smaller projected
area, lower cell density, and multiple cells versus single cell differences.
Also, the neuroblasts had distinct patterns of neural outgrowth that emerged
as they extended processes to these alternating stiffness substrates, depending
on the location of the soma and the surface stiffness. We believe further use
of this approach will promote greater understanding of cellular responses as
well as insights into a variety of diseases that can be investigated using con-
trolled cell-material interactions and substrate elasticities.
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Mechanics and Biochemistry of Matrix Assembly: Pulling it all Together
Chris A. Lemmon, Christopher S. Chen, Lewis Romer.
The interface between eukaryotic cells and the extracellular matrix directs key
cellular functions. An emerging theme in cell adhesion biology is that cell-matrix interactions are regulated by both mechanical and biochemical signal-
ing. Further definition of the cellular mechanics and the molecular signaling
that pattern matrix will provide a new generation of targets and tools for devel-
opmental biology. We have used a unique approach to the study of the cell-
matrix interface that allows for the quantitative and simultaneous study of
cell traction force and fibronectin fibrillo-
genesis at individual discrete sites of cell-
matrix contact. This is accomplished by
growing fibroblasts on the tops of micro-
fabricated silicon posts with known spring
constants, and using quantitative fluores-
cence imaging of post deflections and
fibronectin. These studies show that fibril-
logenesis involves the translation of cell
traction force from the cell periphery to-
ward the cell center and a transition from
compressive strain to neutral strain at the
cell periphery. Further studies indicate that the establishment of these different
zones of traction force and strain is dependent upon spatially regulated effects
of Rho-family GTPases on the actin cytoskeleton.
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Exploring Cellular Mechanotransduction at the Focal Adhesions, One
Molecule at a Time
Mohammad R.K. Mofrad.
It is now widely established that living cells sense mechanical signals and re-
spond actively by changing their phenotype accordingly. Cellular mechano-
transduction is mediated by a combination of biochemical and biophysical
mechanisms via mechanically induced changes in the structure and function
of specific molecules. These mechanically responsive molecules can be de-
scribed as the cell’s mechanosensors and can function to initiate key biological
processes, such as focal adhesion formation. A series of molecular dynamics
investigations will be presented to explore the potential mechanosensing and
mechanotransduction functions of key molecules involved in focal adhesion
formation and cytoskeletal dynamics, namely talin, vinculin, alpha-actinin
and filamin. Using state-of-the-art molecular dynamics modeling and simula-
tion techniques, the molecular mechanics of these proteins, their force-
induced activation, and changes in their molecular conformation and binding
partnership are investigated.
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Single Microtubule Dynamics with Nanometer Resolution: Effects of End-
Tracking Proteins and Force
Olga Sytina, Svenja-Marei Kalisch, Marileen Dogterom.
Microtubules (MTs) are one of the main cytoskeletal polymers in all eukaryotic
cells. Their polymerization dynamics depends on the activity of regulatory fac-
tors as well as forces generated at dynamic MT ends. In our experiments, we
study molecular mechanisms of microtubule
(MT) self-assembly, force generation, and regula-
tion by plus-end tracking proteins with nanometer
resolution. We will present our experimental
technique which integrates regular optical twee-
zers with an optical line trap, coupled to high-
resolution DIC microscopy, and microfluidic cells
with incorporated microfabricated barriers. In the
experiment a microbead is bound to an axoneme,
which serves as a nucleation site for MT growth.
This ‘construct’ is trapped in the laser beam and
oriented against a rigid barrier. MT polymeriza-
tion from the axoneme is initiated by injection
of a reaction mix (including tubulin and GTP). The displacement of the bead
is monitored with nanometer resolution during MT growth and shrinkage.
In our tweezers assay we compare single MT dynamics with and without the
presence of plus-end tracking proteins such as Mal3, Tea2, and Tip1. We incor-
porate a force feedback mechanism to be able to monitor MT dynamics under
constant load.
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A direct Force Measurement Reveals that Human Microtubule-
Associated-Protein tau Modulates the Interactions Betweem Microtubules
in an Isoform Dependent Manner
M.C. Choi, Peter J. Chung, Uri Raviv, Youli Li, Erkan Kiris, Herb P. Miller,
Leslie Wilson, Stuart C. Feinstein, Cyrus R. Safinya.
Microtubules (MTs), a major component of the eukaryotic cytoskeleton, are
25 nm protein nanotubes with walls comprised of assembled protofilaments
